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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a semiconductor laser 
which is hardly deteriorated when the laser is operated under a 
high-output condition by oscillating the laser at a specific 
wavelength by forming clad layers on the surfaces of guide 
layers respectively formed on and under an active layer 
composed of a piezoelectric strained single quantum well layer 
on the opposite sides of the active layer. 

SOLUTION: A semiconductor laser is constituted by forming an 
InxGa1-xAs (0.2<x<0.5) strained quantum well active layer 
between barrier layers 7, SCH layers 5 and 8, the active layer 6, 
and barrier layers 7 between guide layers 4 and 9, and the active 
layer and barrier layers 7 between the SCH layers 5 and 8. Two 
barrier layers 7 are formed and the active layer 6 is constituted 
of triple quantum well layers. In an example, the In composition 
(x) and film thickness (t) of the active layer 6 are respectively 
adjusted to 0.35 and 2.6nm (x=0.35 and t=2.6nm) so as to obtain 
laser oscillation at a wavelength of 0.98um In this case, the 
number of quantum well layers of the active layer 6 can be 
increased to that of a quintuple quantum well so as to increase 
the In composition (x) of the layer 6 by reducing the thickness of each layer. 
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CLAIMS 



[Claim(s)] 

[Claim 1]A semiconductor laser comprising: 

An active layer of a center which consists of an In x Ga 1 _ x As (0.2< x<0.5) compressive strain single 
quantum well layer. 

A guide layer formed in up-and-down both sides so that this active layer might be inserted, and the 
above-mentioned active layer of this guide layer and a cladding layer formed in an opposite hand. 

[Claim 2]A semiconductor laser comprising: 

A multiplex quantum well active layer which consists of an I^Ga^As (0.2< x<0.5) compressive strain 
quantum well layer and a barrier layer. 

A guide layer formed in up-and-down both sides so that this active layer might be inserted, and the 
above-mentioned active layer of this guide layer and a cladding layer formed in an opposite hand. 

[Claim 3]A semiconductor laser, wherein a stress relaxation layer which consists of I n y G a i_ y As 1 _ z P z is 
provided in the semiconductor laser according to claim 1 or 2. 

[Claim 4]A semiconductor laser making the above-mentioned barrier layer into a stress relaxation layer 
which consists of I n y G a i_ y As 1 _ z P z in the semiconductor laser according to claim 2. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the semiconductor laser which carries out laser 
oscillation on high output semiconductor laser, especially the wavelength of 0.98 micrometer, and can 
guarantee the reliability at the time of high output operation. 
[0002] 

[Description of the Prior Art]Conventionally, the semiconductor laser which has the semiconductor layer 
laminated on the gallium arsenide (GaAs) board is proposed variously. The laser of the 0.6 thru/or 0.8- 
micrometer belt which made GaAs/AIGaAs and InGaP the active layer in such a semiconductor laser is 
used for light information record or reproduction, optical printing, and optical application measurement. 
The laser of the wavelength range of 0.8 thru/or 1 micrometers or more which made the active layer the 
InGaAs/GaAs compressive strain quantum well layer is used as optical communications, especially the 
excitation light source for fiber amplifier in recent years. Although these laser is asked for high output 
operation, in order for degradation to guarantee sufficient life at the time of high output operation, the 
problem of being difficult has arisen. 

[0003]Examination of former some has been performed about the degradation style of a semiconductor 
laser. It is divided roughly into what originates in generating of the scotoma-like defect by optical 
damage destruction of a resonator edge face, i.e., deterioration of COD (CatastrophicOptical Damage) 
and the surface, and growth of a crystal dislocation defect, or a dark line-like defect, and breakage of an 
ohmic electrode as a kind of degradation. 
[0004] 

[Problem(s) to be Solved by the Invention]When its attention is paid to the excitation light source of the 
1 .55-micrometer belt fiber amplifier using Er 3+ ion among the excitation light sources for fiber amplifier, 
although the semiconductor laser with a wavelength of 0.98 micrometer is used, this light source, In 
order to make laser oscillation possible on the wavelength of 0.98 micrometer and to obtain sufficient 
optical gain, The In presentation x and thickness t of an In x Ga 1 _ x As compressive strain quantum well 
active layer are set to x= 0.2 and t= 10 nm as a classic example in order to obtain distortion by In as an 
active layer, and in order to obtain required light quantity. However, in this semiconductor laser, the In 
presentation x in an active layer was low, for this reason, the tolerance over growth of a crystal 
dislocation defect like a dark line-like defect was low, and this problem of being easy to carry out point 
degradation existed. 

[0005]This invention aims at offer of 0.86 micrometer thru/or a 1 .07-micrometer belt, and the 
semiconductor laser that enabled it to guarantee reliability that laser oscillation is carried out especially 
at 0.98 micrometer, and it is hard to produce degradation at the time of high output operation. 
[0006] 

[Means for Solving the Problem]This invention which attains the above-mentioned purpose has the 
following invention specific matter. 

(1) It has an active layer of a center which consists of an In x Ga.j_ x As (0.2< x<0.5) compressive strain 
single quantum well layer, a guide layer formed in up-and-down both sides so that this active layer might 
be inserted, and the above-mentioned active layer of this guide layer and a cladding layer formed in an 
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opposite hand. 

(2) A multiplex quantum well active layer which consists of an In Ga.| As (0.2< x<0.5) compressive strain 
quantum well layer and a barrier layer, It has a guide layer formed in up-and-down both sides so that 
this active layer might be inserted, and the above-mentioned active layer of this guide layer and a 
cladding layer formed in an opposite hand. 

(3) In the above (1) or (2), a stress relaxation layer which consists of In y Ga 1 _ y As 1 _ z P z is provided. 

(4) Let the above-mentioned barrier layer be a stress relaxation layer which consists of In y Ga 1 _ y As 1 _ z P z 
in the above (2). 

[0007]An In x Ga 1 _ x As (0.2< x<0.5) compressive strain single quantum well layer is made into an active 
layer, It has a multiplex quantum well active layer which consists of an In x Ga 1 _ x As (0.2< x<0.5) 
compressive strain quantum well layer and a barrier layer, Without thickness for having sufficient 
distortion by bigger In composition range than this former, and obtaining required light quantity also 
becoming extremely thin, In multilayer structure which has a barrier layer especially, thickness of an 
active layer can also control growth of a crystal dislocation defect which is a major factor of degradation 
by increase in In presentation in an active layer by the pinning effect of In atom on the assumption that 
it will become sufficient. By giving a compressive strain of a well layer, and equivalent weight of hauling 
distortion by a stress relaxation layer, stress in an active layer is eased, can control generating of a 
rearrangement, and further, A vicious circle called reduction of energy difference by generation of heat 
which made a cause the absorption of light by reduction (the band gap shrinkage effect) of energy 
difference in the end face accompanying distorted increase by In in a resonator edge face of a 
semiconductor laser, and which generated heat and ** can be severed in a stress relaxation layer. 
[0008] 

[Embodiment of the Invention]Here, an example of an embodiment of the invention is explained with 
reference to drawing 1 - drawing 3. Dra wing 1 shows section structure vertical to the ridge stripe of the 
semiconductor laser by this invention. 1 an n + -GaAs substrate and 2 n-GaAs buffer layer and 3 A n- 
aluminurTipGa^pAs (0.3>p) cladding layer, 4 and 9 An aluminuiriqGa^As (p>q) guide layer, 5 and 8 are 
aluminum r Ga 1 _ r As(0.2>r) SCH (Separate-Confinement-heterostructure). Layer, 6 An h^Ga^As (0.2< 
x<0.5) distortion quantum well active layer, 7 An In y Ga 1 _ y As 1 _ z P z (1> y>0.8, 1> z>0.7) barrier layer, As 

for a p + -GaAs contact layer and 12, 10 is [ p electrode and 14 ] n electrodes an insulating layer and 13 a 
p-aluminurripGa^pAs (0.3>p) cladding layer and 11. That is, SCH layers 5 and 8, the active layer 6, and 
the barrier layer 7 were inserted up and down by the guide layers 4 and 9, and also the active layer 6 
and the barrier layer 7 are inserted up and down by SCH layers 5 and 8, and the In presentation x serves 
as the range of 0.2< x<0.5 in the active layer 6. The barrier layer 7 turns into two-layer, the active layer 
6 is 3-fold quantum well layer, and it becomes barrier layer 7 itself presentation In y Ga 1 _ y As 1 _ z P z (1> 
y>0.8, 1> z>0.7), and has become a stress relaxation layer. 

[0009]Here, as an example, in order to carry out laser oscillation of the active layer 6 on the wavelength 
of 0.98 micrometer, it is the In presentation 0.35, and class 2.6 nm in thickness (x= 0.35, t= 2.6 nm). In 
this case, in order to increase In presentation further, the number of layers can reduce the thickness of 
each class, and can increase a number of layers to 5-fold quantum well layer. Or in order to increase the 
optical gain of an active layer, a number of layers can also be increased, or [ that the presentation of the 
barrier layer which is also a stress relaxation layer has a refractive index equal to an SCH layer as an 
example ] — or it sets up become large and have a compressive strain of a quantum well active layer, 
and equivalent weight of hauling distortion (y= 0.95, z- 0.13, t= 3.9 nm). Al composition p of a cladding 
layer sets up Al composition r of an SCH layer more greatly (0.3>p>q) than Al composition q of a guide 
layer become for it to be larger than 0 and smaller than Al composition q of a guide layer (0>r>q). 
[0010]In forming an element, in order to realize this structure, even the epitaxial layers 2-11 are first 
grown up on n + -GaAs substrate 1 with an epitaxial crystal growth device (MOVPE method: metal- 
organic chemical vapor deposition or MBE technique:molecular beam epitaxy method). In MOVPE 
method, as a raw material for semiconductor film growth, trimethylindium (TMI), Triethylgallium (TEG), 
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trimethylaluminum (TMA), and an arsine (AsH 3 ) were used as a n type dopant, and diethyl zinc (DEZn) 
was used as hydrogen selenide (H 2 Se) and a p type dopant. Epitaxial growing temperature shall be about 
700 **, and growing pressure is set to about 10 4 Pa. Carrier gas is hydrogen (H 2 ). In the MBE technique, 
as a raw material, metallic gallium (Ga), indium (In), aluminum (aluminum), and solid arsenic (As) were 
used as a n type dopant, and zinc (Zn) was used as silicon (Si) and a p type dopant. Epitaxial growing 
temperature shall be about 650 **, and growing pressure is set to about 1 0 ~ 2 Pa. 

[0011]The contact layer 11 and the cladding layer 10 are processed after growth, and a ridge waveguide 
1.5 thru/or about 3 micrometers wide is formed. That is, pattern formation is carried out to resist by 
photo lithography. By a wet type or dry etching, the contact layer 1 1 and the cladding layer 10 are 
processed by making this into a mask. The depth of processing may be determined in consideration of 
horizontal microfiche, and may be etched to the guide layer 9. The insulating layer 12 which consists of 
an oxide film (Si0 2 ) of Si by after ridge waveguide formation (for example, the magnetron sputtering 
method) is formed in the whole substrate face, and etchback removes Si0 2 which hits the current 
injection region of the ridge upper part. Then, for example, the p electrode 13 which consists of 
chromium (Cr) and gold (Au), (Cr/Au) or Ti, platinum (Pt), and Au (Ti/Pt/Au) is formed. Then, the n 
electrode 14 which grinds a rear face to 100 micrometers in thickness, for example, consists of Au, 
germanium (germanium) and nickel (nickel), and (Au/germanium/nickel) is formed. Finally the polar zone 
is completed with an ohmic sinter. 

[0012]In this way, cleavage of the formed laser wafer is perpendicularly carried out to a ridge stripe, for 
example, it is divided into a wafer 10 mm in length, and 900 micrometers in width. Here, in order to make 
the cleavage plane of the wafer length direction vertical to a ridge stripe into a mirror facet, the cavity 
length of laser is set to 900 micrometers of wafer width. For example, the nitride (Si 3 N 4 ) of Si is made to 
adhere to one cleavage plane of the divided wafer as an antireflection film using plasma CVD method. 
Then, the magnetron sputtering method is used for another cleavage plane of the aforementioned wafer, 
for example, For example, aluminum 2 0 3 and the double two-layer film (aluminum 2 0 3 /alpha-Si/aluminum 
2 0 3 / alpha-Si) of amorphous silicon (alpha-Si) are made to adhere as a high reflection film. Then, 
cleavage divides the aforementioned wafer into each laser, and a laser chip is obtained. Using the above- 
mentioned laser chip, the assembly as a module and mounting are performed and it is considered as a 
semiconductor laser device. 

[0013]In the above, the above-mentioned embodiment explained application to manufacture of AIGaAs 
ridge type semiconductor laser in detail. However, this invention is applicable also like the semiconductor 
laser which consists of compound semiconductors other than the semiconductor laser of other 
structures, for example, embedding type hetero structure, and AIGaAs. A manufacturing process and a 
device parameter may differ from the above-mentioned thing. 

r0014] Drawing 2 contains the semiconductor laser manufactured by the above, i.e., the multiplex 
quantum well active layer which consists of an l^Ga^As (0.2< x<0.4) compressive strain quantum well 
layer and a barrier layer, The actuating current at the time of carrying out continuous action of the 
semiconductor laser in which said barrier layer has a compressive strain of said multiplex quantum well 
layer and equivalent weight of hauling distortion by optical power fixed 150 mW, and the relation of 
operating time are shown. The curve 21 is an actuating current curve of the semiconductor laser by this 
invention. The actuating current curve of the semiconductor laser by conventional technology is shown 
in the curve 22 for comparison. Here, each semiconductor laser is placed under the environment of 50 
**, and actuating current is adjusted so that optical power fixed 1 50 mW may be obtained. As shown in a 
figure, with the curve 21, optical power fixed 150 mW is maintained without measurable degradation over 
1 0,000 hours or more. Compared with this, slight slow degradation is observed with the curve 22. With 
the curve 21, a "burn-in" period is not observed but degradation speed is also below per hour 10 ~ 6 . The 
above-mentioned observation shows that the semiconductor laser by the above-mentioned example is 
excellent in the reliability at the time of high output operation. 

[001 5]Although the multiplex quantum well active layer was described about drawing 1 , as an active 
layer, it can also form in an [n x Ga 1 _ x As (0.2< x<0.5) compressive strain single quantum well layer. In this 
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case, while distortion becomes large by the increase in In presentation and growth of a crystal 
dislocation defect can be suppressed, become the tendency for a layer to become thin by the increase 
in In presentation, but. The thickness for obtaining required optical power can also be taken enough, and 
if it takes into consideration suppressing the optical absorption of the end face by providing a stress 
relaxation layer in the up-and-down both sides of this active layer, etc. especially, the degradation 
control by a single quantum well active layer is extremely expectable. 

[0016]In a single quantum well layer, if there is no barrier layer and drawing 1 is applied, the layer of the 
barrier layer 7 and the active layer 6 will be made into a single quantum well active layer, but a new layer i 
may be provided in the up-and-down both sides of this active layer as a stress relaxation layer, or a 
stress relaxation function may be given to an SCH layer and a guide layer. 

[001 7] Although the example of drawing 1 described being in a multiplex quantum well layer and having 
made the barrier layer into the stress relaxation layer, the SCH layer of the up-and-down both sides of 
the multiplex (double) quantum well active layer shown in drawing 3 can be made into the stress 
relaxation layers 15 and 16, or a new stress relaxation layer can be provided. 
[0018] 

[Effect of the [nvention]According to the semiconductor laser by this invention, growth of the crystal 
dislocation defect which is a major factor of degradation can be controlled by the pinning effect of In by 
the increase in In presentation in an active layer so that clearly from having explained above. By the 
effect of the compensates distortion of a stress relaxation layer, the thermogeneration by the band gap 
shrinkage effect in the resonator edge face of laser is suppressed, and COD tolerance is improved. 
Therefore, there is an advantage that the semiconductor laser which has improved the reliability at the j 
time of high output operation can be provided. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1] A section structure figure vertical to the ridge stripe of the semiconductor laser of an 
example of the embodiment by this invention. 

[Drawing 2] The related figure of the actuating current at the time of carrying out continuous action of 

the semiconductor laser by conventional technology, and the semiconductor laser by the example of 

drawing 1 by optical power fixed 1 50 mW, and operating time. 

[Drawing 3] The section structure figure of other examples of this invention. 

[Description of Notations] 

1 n + -GaAs substrate 

2 n-GaAs buffer layer 

3 n-aluminunipGa^pAs cladding layer 

4 aluminurriqGa^As guide layer 

5 aluminum^a^j.AsSCH layer 

6 In x Ga 1 _ x As distortion quantum well active layer 

7 In y Gai- y As i- z p z barrier layer 

8 aluminuir^Ga^AsSCH layer 

9 aluminurr^Ga^As guide layer 

10 p-aluminumpGa^pAs cladding layer 

1 1 p + -GaAs contact layer 

12 Insulating layer 

1 3 p electrode 

14 n electrode 

1 5 and 1 6 Stress relaxation layer 

21 The actuating current curve of the semiconductor laser by this invention 

22 The actuating current curve of the semiconductor laser by conventional technology 



[Translation done.] 
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